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that the suction or ejector effect of the flowing water during floods will reduce
the pressure within the drain, increase its effectiveness, and reduce uplift.
Care must be taken that exit pipes will not become clogged by sediment or by
the nests of animals.

An ideal filter, surrounding the drain, consists of several layers of screened
gravel and sand, each layer being composed of smaller grain sizes than the
next one closer to the drain. The gradation of sizes must be such that the
coarsest will not be washed into the rock of the drain and those of each size
and the foundation will not be washed into the next layer.

Tests have indicated that particles of a given size cannot be washed through
the voids of a layer composed of particles up to ten times that size.

It is, of course, impracticable to provide layers composed of grains all of one
size. Frequently the gravel provided for the filter is separated into two to four
sizes. In the Imperial Dam (Fig. 4) four sizes were used. Other dams have
only two sizes and, for drains on a coarse gravel foundation, the entire filter
might be omitted.

As it is impossible to provide a perfect filter, it is expected that, when flow
first starts, a small amount of filter material may be washed into the drain.
However, the flow automatically corrects any defects, provided there is suffi-
cient material available in the filter or the foundation to provide a perfect filter
after adjustment or "priming" has taken place.

For this reason, the voids in the drain proper must be sufficiently large to
accommodate the material which is washed into it during the priming stage.
Tests in the laboratory are easily made to simulate exactly the conditions pro-
posed for the dam, in order to indicate the required nature of the filter and the
amount which will be washed into the filter during priming.

Drains under the apron may not be needed if the main drain is sufficient to
eliminate or effectively reduce uplift under the apron and to remove danger of
piping. They were not used at the Imperial Dam (Fig. 4). Possibly the de-
sired thickness of apron to withstand impact of the falling water was sufficient
to balance any residual uplift.

23.  Downstream Apron.   The purpose of the downstream apron has been
explained previously, as well as the necessity for making it heavy enough to
balance all uplift pressures.   The shape and details of its top surface are fre-
quently governed by the necessity for killing the velocity of the spilling water,
as explained in Arts. 26 to 39.

24.  Downstream Cutoff.   The downstream cutoff (see Fig. 4) is used to
protect the foundation under the apron in case of retrogression of the stream
bed through failure of the riprap.   As explained before, it also reduces the
danger of piping where drainage is not controlled.

When drains upstream from the cutoff are not used, it increases the length
of path of percolation and hence increases the uplift. However, the effect on
uplift of downstream cutoffs is insignificant if such drains are used.

In an attempt to remedy this condition, holes have sometimes been placed at
intervals at the top of the piling to prevent its acting as a water stop. How-